IN a paper which I read before the Royal Medico-Chirurgical Society on March 13, 1906,1 I described an improved method of performing the so-called "pancreatic" reaction in the urine,2 and gave my experience of the reaction with 100 specimens derived from 94 cases. Since then I have considerably extended my experience, and now have records of over 1,500 samples of urine derived fronm 1,475 cases. These I propose to consider in the present communication. The large majority were sent to me by medical men in various parts of the country for diagnostic purposes, and it is owing to their kindness I Med.-Chir. Trans., Lond., 1906, lxxxix, p. 239. 2 The details of the method are as follows: A specimen of the twenty-four hours' urine, or of the mixed morning and evening secretions, is filtered several times through the same filter paper and examined for albumin, sugar, bile, urobilin, and indican. A quantitative estimation of the chlorides, phosphates, and urea is also made, and the centrifugalized deposit from the urine examined microscopically for calcium-oxalate crystals. If the urine is found to be free from sugar and albumin, and of an acid reaction, 2 c.cm. of strong hydrochloric acid (specific gravity 1'16) are mixed with 30 c.cm. of the clear filtrate, and the mixture gently boiled on the sand-bath in a small flask, having a long-stemmed funnel in the neck to act as a condenser. After ten minutes' boiling the flask is well cooled in a stream of water, and the contents made up to 30 c.cm. with cold distilled water. The excess of acid present is neutralized by slowly adding 8 grm. of lead carbonate. After standing for a few minutes to allow of the completion of the reaction, the flask is again cooled in running water and the contents filtered through a well-moistened, close-grained filter paper until a perfectly clear filtrate is secured. The filtrate is then well shaken with 4 grm. of powdered tribasic lead Ju-6
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The cases may be divided into nine main groups:-(I) Acute or subacute pancreatitis, 17. (II) Chronic pancreatitis, 859. (III) Pancreatic calculi, 4. (IV) Pancreatic cysts, 4.
(V) Pancreatic infantilism, 1.
(VI) Cancer of the pancreas, 73. (VII) Miscellaneous, 467. (VIII) Normal, 50.
(IX) Cases re-examined after operation, 55.
(I) ACUTE PANCREATITIS.
Thirteen cases in Group I gave a positive pancreatic reaction. Six of these were operated on, and the pancreas was found to be acutely inflamed in all, with disseminated fat necrosis in 5. The diagnosis made at operation was confirmed by post-mortem examination in 3. Gall-stones were discovered in the common bile-duct of 2. One had a history of repeated attacks of jaundice with spasm, and had probably suffered from common-duct cholelithiasis, but there was no jaundice at the time of the analysis. In three the pancreatitis was the sequel of an attack of mumps, but in four other cases of the same disease without abdominal symptoms, which I have also included in this group, the urine acetate, and the resulting precipitate removed by filtration, as clear a filtrate as possible being obtained by repeating the filtration several times if necessary. The large amount of lead now in solution is removed either by treatment with a stream of sulphuretted hydrogen or by precipitating the lead as a sulphate. For the latter purpose the filtrate is well shaken with 2 grm. of finely-powdered sodium sulphate, the mixture heated to the boiling point, then cooled to as low a temperature as possible in a stream of cold water, and the white precipitate removed by careful filtration; 10 c.cm. of the perfectly clear transparent filtrate is made up to 18 c.cm. with distilled water and added to 0 8 grm. of phenylhydrazin hydrochlorate, and 2 grm. of powdered sodium acetate, contained in a small flask fitted with a funnel condenser. The mixture is boiled on a sand-bath for ten minutes, and then filtered hot through a filterpaper moistened with hot water into a test-tube provided with a 15 c.cm. mark. Should the filtrate fail to reach the mark, it is made up to 15 c.cm. with bot distilled water. In wellmarked cases of pancreatic inflammation a light-yellow, flocculent precipitate should form in a few hours, but it may be necessary to leave the preparation to stand overnight before a deposit occurs. gave no reaction. Two cases gave a history of indigestion and abdominal discomfort, extending over several months previous to the attack. Three of the patients operated on died, and 3, including the 2 in which gallstones were found, recovered. All the patients not operated on died, except the 3 in which the pancreatitis followed mumps. The analysis of the urine showed albumin in 6. No sugar was found in any of them, but 1 developed glycosuria a year after the onset of the acute symptoms. Acetone was present in 4, and 6 showed aceto-acetic acid. An excess of indican was found in 7, including the 3 cases of mumps. Both the cases with gall-stones, and '1 of those not operated on, contained bile, and these, as well as the 3 cases of mumps and 2 others, gave a well-marked reaction for urobilin. Calcium-oxalate crystals were found in the urinary deposits from 7. I have had the opportunity of examining specimens of urine obtained subsequent to operation from 4 of the cases, and found that the pancreatic reaction gradually diminished in intensity, but was still present to a slight extent one month later. One case showed the presence of acetone and aceto-acetic acid a fortnight after operation. The bile disappeared from the urine of both the cases of gall-stones, but urobilin was met with in one case for twenty-seven days afterwards, and in 2 othera at the end of a week and ten days respectively.
(II) CHRONIC PANCREATITIS. Chronic pancreatitis is rarely, if ever, a primary disease, but when once it is established it is liable to steadily progress, and may seriously interfere with the metabolic processes of the body, eventually leading to glycosuria in some cases. The earlier symptoms of the disease are usually so indefinite, and more or less completely masked by those of the primary condition giving rise to it, that it is generally only by an appeal to the methods of the laboratory that its presence can be definitely recognized. Even then it is necessary to exercise a good deal of caution, and to interpret the results of a careful and complete analysis of the urine and feces, with, in some cases' the data obtained from a test meal, in the light of experience, and to check these by the clinical signs and symptoms. By this means chronic inflammations of the pancreas can usually be detected, and in many instances the amount of damage sustained by the gland can be surmised. To merely make a diagnosis of chronic pancreatitis is, however, not enough; the primary cause of the condition must also be determined if a successful line of treatment is to be pursued, and by considering the clinical condition, together with the results of an analysis of the excreta, this can generally be done.
The causes of chronic pancreatitis are numerous, but from the clinical information supplied me concerning the cases I have examined, and the evidence obtained from analysis, I have been able to divide them into the following classes: (1) Those associated with gall-stones, malignant disease of the common bile-duct or ampulla of Vater:
(2) those probably arising from diseases of the intestine, including duodenal and gastric ulcer; (3) those associated with diseases of the heart, lungs, or blood-vessels; (4) pancreatitis due to metastatic deposits of growth in the pancreas, from malignant disease in other organs. Additional causes that have been described by various authors include stenosis of the duodenal orifice of the common bile and pancreatic ducts from ulceration, &c.; obstruction of the ducts by hydatid membrane, &c. ; tubercle, syphilis, influenza, and other zymotic diseases, and alcoholism, but of these I have no definite examples in my series of cases.
I have examined specimens of urine from 264 cases in which gallstones were found at operation, and of these 149 gave a positive reaction and 115 a negative result. In 188 cases the gall-stones were in the common bile-duct, and of these 131 (69 6 per cent.) gave a positive and 57 (30'4 per cent.) a negative pancreatic reaction, percentages which, it will be noticed, correspond fairly closely with the proportions of cases in which, according to Helly, the common bileduct lies embedded in the pancreas (62 per cent.), and runs in a groove on the posterior surface of the gland (38 per cent.). On dividing these cases into groups according to whether bile was or was not detected in the urine, it is found that out of 128 with jaundice, 91 (71 per cent.) gave a positive pancreatic reaction; and out of 60 non-jaundiced cases, 40 (66 6 per cent.) gave a positive result. Twelve of the former and 9 of the latter had sugar in the urine, varying from traces to 6 8 per cent. in the jaundiced, and to 7T8 per cent. in the non-jaundiced. Acetone was present in 6 of the cases with jaundice, including 2 with glycosuria,; and in 2 in which the urine was free from bile pigment, both of which had glycosuria. Aceto-acetic acid was found in 17 jaundiced cases, 2 having glycosuria, and 14 of the non-jaundiced, 5 of which had sugar in the urine. Indicanuria was noticed in a larger proportion of the non-jaundiced than the jaundiced cases, an excess of indican being found in 31 of the former and 20 of the latter.
A more or less marked reaction for urobilin is a most useful indication of the probable presence of gall-stones in the common duct, especially when they are " floating." In this series of 188 cases it was met with in 123 (65'4 per cent)., being more common where the calculi did not give rise to jaundice-viz., 47 cases (78'3 per cent.)-than in those in which there was obstruction of the bile flow-viz., 76 cases (59 3 per cent.). A deposit of calcium-oxalate crystals, which, as I have pointed out, is a very constant accompaniment of chronic pancreatitis, was met with in 98 cases, or 69 per cent., of those in which there was evidence of pancreatitis. Nine of the cases in this group, which had given a positive pancreatic reaction during life, were exanmined post mortem, and the diagnosis of pancreatitis confirmed microscopically. Specimens of urine were obtained after operation in 24 cases, 20 having previously given a positive pancreatic reaction. In 14 the reaction was found to have disappeared, at intervals varying from one to four weeks after the operation, but in 6 it still persisted when the last analysis was made. Four of the jaundiced cases showed bile pigment in the urine, and 2 gave a reaction for urobilin. Two of the cases with glycosuria showed no trace of sugar, 1 having had 4'8 per cent. and the other 0 4 per cent. previous to operation, and in a third it fell from 7T8 per cent. to 3'7 per cent. after operation.
Thiroloix and Maugeret 1 have maintained that cholecystitis is a common, if not the commonest, cause of pancreatitis, the inflammation spreading by way of the lvmphatics, from the inflamed gall-bladder to the head of the pancreas. My experience does not tend to confirm this, for out of 76 cases in which gall-stones were found in the gallbladder or cystic duct at operation, only 18 gave a positive pancreatic reaction, and were stated to have pancreatitis. Fifty-eight gave a negative result; as did also 17 cases clinically diagnosed as cholecystitis, 6 of which were operated on, that I have included in the miscellaneous group. Sugar -was not detected in the urines of any of these cases. Two had traces of acetone, and 13 gave a more or less marked reaction for aceto-acetic acid. Sixteen showed an excess of indican. Bile pigment was found in the urines of ll, including 9 of those that gave a positive pancreatic reaction. Fifteen gave a reaction for urobilin, and of these 10 gave a pancreatic reaction. Calcium-oxalate crystals were met with in the deposit from the urines of 18 of those that gave a positive pancreatic reaction, and in 4 of those with which no reaction was obtained. "These de Paris," 1908.
A positive pancreatic reaction was given by the urines of 2 out of 8 cases of malignant disease of the common bile-duct, and 2 of growth at the ampulla of Vater. In the 2 former that gave a reaction the growth was said to be fused with the head of the pancreas, and had probably started in the pancreatic portion of the duct. Neither of the cases of malignant disease of the ampulla of Vater was examined after death, but it is probable that the pancreatitis was due, in part, to blocking of the bile aind pancreatic ducts, and in part to invasion of the pancreas by the growth. The urine of 1 of the cases of malignant disease of the common duct contained 0 85 per cent. of sugar, and a trace of albumin. Only 1 of the 10 cases in this group gave a reaction for urobilin, and in this the liver was being invaded by the growth. Chronic pancreatitis is, I believe, most commonly secondary to disease of the intestine. In inost of these cases there is probably an infection of the pancreatic ducts by direct extension from the duodenum, the pancreatitis being primarily of the catarrhal type; but in others, such as typhoid fever, it is possible that the parenohyma of the gland may be primarily affected by organisms carried by the blood and lymph streams. If it is allowed that gall-stones are usually the result of an infection of the bile passages from the intestine, the pancreatitis met with in cholelithiasis would also fall into this class, at least in some instances, for it is not unlikely that the bile and pancreatic ducts are often simultaneously infected owing to their close anatomical relations. I have, however, considered cases in which gall-stones were found apart, and in the present group only include 403 cases in which the clinical symptoms and results of the analysis of the urine and feces pointed to there being disease of the intestine other than a malignant growth. Of these 403, the urines of 211 gave a positive pancreatic reaction, and 192 a negative result.
In 194 a diagnosis of intestinal catarrh, or enteritis, colitis, appendicitis, dysentery, hyperchlorhydria, or indigestion was made, and of these 103 gave a positive reaction, including 52 cases diagnosed as intestinal catarrh, 23 of colitis, 3 of appendicitis, 13 of hyperchlorhydria, and 12 of indigestion. In the 91 giving a negative reaction were 25 cases of intestinal catarrh, 50 of colitis, 10 of appendicitis, 1 of dysentery, and 5 of indigestion.
The explanation of the presence of the pancreatic reaction in about two-thirds of the cases of intestinal catarrh or enteritis is, as I have explained, probably an inflammatory condition of the pancreas due to an extension of the catarrh of the intestinal walls along the pancreatic ducts. A similar explanation also probably holds good for those cases of colitis and appendicitis in which a reaction was obtained, for in many instances these conditions are associated with a more or less marked pathological state of the entire length of the intestinal tract. A.considerable number of the cases which I have included under the heading of intestinal catarrh had in addition some colitis, as an analysis of the feces showed, but the disease was evidently not very marked clinically, as it was not mentioned in the reply I received to my letter of inquiry.
Hyperchlorhydria, as I pointed out some time ago,' is a possible cause of pancreatitis. The constant excessive stimulation of the pancreas by the secretin formed by the excess of hydrochloric acid is likely to bring about abnormal physiological activity of the gland, to be followed by degenerative changes if the over-stimulation is long continued. Such I believe to be the explanation of the positive reaction with the 13 cases diagnosed as hyperchlorhydria. Indigestion is too vague a term to be of much importance'in such an investigation as this, but in 12 out of the 17 cases in which that diagnosis was made the results of the pancreatic reaction suggested that the pancreas was undergoing active degenerative changes.
Albumin was found in the urines of 18 of these cases, acetone in 9, aceto-acetic acid in 37, an excess of indican in 125, urobilin in 60, and calcium-oxalate crystals in 62. The high proportion (64 per cent.) in which indicanuria was a symptom is interesting, for it has been claimed by some observers that a pathological excess of indican in the urine is an important sign of pancreatic disease, while others have stated that a marked diminution is the rule. My own experience is, however, that neither the one nor the other can be relied upon as a symptom of pancreatitis, but that a pathological excess indicates rather the condition of the intestine and suggests that any pancreatitis that may be present is probably the result of an ascending infection from the duodenum, while the absence of indicanuria points to some other cause. The association of urobilinuria with indicanuria and a positive pancreatic reactiona, which occurred in 52 cases, indicates that the infection involved the bile as well as the pancreatic ducts. Twentyseven of the cases in this group were operated upon, and in 25 the pancreas was said to be enlarged and harder than normal. A positive pancreatic reaction had been obtained with the urines of all. Seven were examined post-mortem and pancreatitis found microscopically in 4 which had given a urinary reaction during life; the other 3 had given no reaction and the pancreas appeared normal. In 8 cases a second analysis of the urine was made at intervals varying from two weeks to two months after the first examination. Two still gave a positive reaction, but with 6 a negative result was obtained. Both those which gave a positive result still had marked indicanuria, and one showed traces of urobilin and bile. I have not included in this group a number of cases of glycosuria in which there was mnarked indicanuria, as I propose to deal with the subject of diabetes, and the application of the pancreatic reaction to the examination of urines from such cases, subsequently; but I may now state that I am convinced, from the observations I have made, that diabetes is a very common result of long-continued intestinal catarrh slowly inducing changes in the pancreas.
Catarrhal jaundice is generally assumed to be due to an inflammatory process in the duodenum extending into the ampulla of Vater, which is closed either by a swelling of the mucosa or by a thick plug of mucus. Virchow described such a case, and Osler, among others, has observed a similar condition. Eppinger' has more recently published a case in which it was proved after death that the occlusion of the duct was due to a hyperplastic condition of the lymphoid tissue of the mucosa of the duct following acute gastro-enteritis, and he suggests that some cases of catarrhal jaundice occurring in young people are to be ascribed to angina-like attacks of lymphoid swelling in persons of a " lymphoid " constitution. However this may be, it may be taken for granted that catarrhal jaundice is usually, if not always, associated with gastro-intestinal disorders, and that owing to the close relation of the bile and pancreatic ducts, the latter will probably suffer along with the former, so that there is likely to be some pancreatitis. Mayo Robson has suggested that in the more chronic cases the persistence of the jaundice is dependent upon compression of the common bile-duct by the swollen and inflamed head of the pancreas. A diagnosis of catarrhal jaundice was made in 53 of the cases I have examined, and in 42 of these a positive pancreatic reaction was obtained, suggesting that in rather over 79 per cent. the condition was associated with some active degenerative changes in the pancreas. The jaundice was accompanied by an excess of urobilin in the urine in 13 cases, and calcium-I Wien. klin. Wochenschr., 1909, xxi, p. 480. oxalate crystals were found in the deposit from 26, all of which had given a positive pancreatic reaction. Fifteen cases were submitted to operation because of the persistence of the jaundice, and in all of these the pancreas was enlarged and harder than normal. A previous examination of the urine had pointed to the presence of pancreatitis. I had the opportunity of re-examining the urines from 8 cases, and obtained a positive pancreatic reaction with 2, both of which were still jaundiced.
Occasionally one meets with chronic pancreatitis due to direct extension of an inflammatory process from a neighbouring organ, such as the stomach or intestine, but more commonly the pancreatitis in gastric and duodenal ulcer appears to be due to the associated gastrointestinal catarrh extending to the pancreatic ducts and setting up a catarrhal pancreatitis. I have examined specimens of urine from 50 cases of ulcer of the duodenum and 47 of gastric ulcer, all of which were confirmed by operation. Twenty-seven (54 per cent.) of the former and only 5 (106 per cent.) of the latter gave a pancreatic reaction. In 2 of the cases of gastric ulcer, and 1 of duodenal ulcer, the ulcer was said to be eroding the pancreas. In 20 out of 27 cases of duodenal ulcer there was indicanuria, and in 4 of the cases of gastric ulcer an excess of indican was also found, pointing to abnormal putrefactive changes in the contents of the upper part of the intestine, and suggesting that the pancreatitis was due to a catarrhal condition spreading from the duodenum to the pancreatic ducts. The comparatively high proportion of cases of duodenal ulcer in which a pancreatic reaction was obtained, and its rarity in almost exactly the same number of cases of gastric ulcer, lend support to this view. A second examination of the urine was made in one of the cases with adherent gastric ulcer three months after the first, and a positive pancreatic reaction was again obtained. The pancreas was examined post-mortem in 1 of the cases of adherent gastric ulcer and advanced cirrhotic changes were found spreading a considerable distance into the substance of the gland.
Two other diseases in which I have obtained evidence of pancreatitis, and in which it is probable that the condition is due to an ascending infection from the duodenum, are sprue and pernicious anamia. The former is well recognized as a disease of the intestine of microbic origin, and many cases of so-called pernicious anemia are, I believe, dependent upon an abnormal intestinal flora with auto-intoxication and blood destruction. Out of the 13 cases of sprue, 8 gave a positive reaction, and in 2 of these post-mortem examination showed pancreatitis. Four out of the 6 cases diagnosed as pernicious anaemia gave a pancreatic reaction. In 1 of these, examination after death revealed chronic inflammation of the pancreas and an ulcerated condition of the duodenal mucous membrane. Operation on 2 also tended to confirm the diagnosis of chronic pancreatitis. It is noteworthy that all the cases of sprue and pernicious anaemia had marked indicanuria.
Chronic pancreatitis in tuberculous cases may arise from deposits of tubercle bacilli carried by the blood stream to the pancreas, but Carnot, Ancelet, Opie, and others have described chronic inflammation of the gland without any specific lesion, and Carnot has experimentally proved that such changes may follow the injection of tubercle bacilli and their toxins into the duct and parenchyma. I have not been able to obtain a post-mortem in either of the 2 cases of tuberculosis of the intestine that gave a positive pancreatic reaction, and so cannot say whether secondary deposits were present or not in the pancreas; but, as there was marked indicanuria in both, I am inclined to think that the pancreatitis may possibly have been the result of infection by way of the pancreatic ducts with bacteria originating in the intestine. Six other cases diagnosed as tuberculosis of the intestine gave a negative reaction, as did also 3 of pulmonary tuberculosis.
The pancreatitis that is occasionally met with as a sequel of typhoid fever is possibly due to a specific infection travelling up the ducts, and I have therefore included in this group 8 cases in which typhoid was present at the time of the examination or the history suggested that it was probably connected with the symptoms of which the patient complained. It is also possible, however, that typhoidal pancreatitis may arise from infection of the blood, which is always present. Six gave a positive pancreatic reaction, but this result cannot be taken as any indication of the proportion of cases of typhoid in which there is involvement of the pancreas, as both the negative cases were suffering from the disease at the time the examination was made, while the 6 that gave a positive reaction were convalescent or had a history of an attack and were sent to me because the symptoms suggested chronic pancreatitis. One such patient, who came from America, had glycosuria, and I succeeded in isolating organisms having the appearance and reactions of typhoid bacilli from his ftces. In this case there was also evidence of cholangitis and there was an excess of indican in the urine.' Nearly all observers are agreed that the pancreas is frequently affected in cirrhosis of the liver. Klippel and Lefas have concluded, as the result of their observations, that the two are due to the same aetiological factor, but that the pancreatic condition is independent of, and not secondary to, the lesion in the liver. As alcohol is generally acknowledged to be a common exciting cause of cirrhosis of the liver, and its use to excess gives rise to disturbances of the gastro-intestinal tract, it is not a very far cry to assume the possible dependence of the associated inflammatory changes in the pancreas upon an ascending infection-from the duodenum along the pancreatic ducts, at least in some cases. I have therefore included 21 cases in which there was said to be cirrhosis of the liver and pancreas in this group. Fourteen of these gave a positive pancreatic reaction, and 7 a negative result. In all of these the state of the liver and pancreas was determined at operation, and in one which had given a positive result a post-mortem examination was made. I may also add 7 cases of cirrhosis of the liver that gave no reaction, but were not examined on the operating table or in the post-mortem room. Six of the cases had more or less bile in the urine, and 4 showed an excess of urobilin. Indicanuria was present in 6, and calcium-oxalate crystals were found in the urines of 7. One had a slight glycosuria and gave a positive pancreatic reaction.
In the large majority of cases already mentioned the results of the pancreatic action were borne out by the clinical condition and observations made at operation or in the post-mortem room; but I now come to a group of 11 in which, although I am assured that the pancreas was enlarged and hard, no pancreatic reaction was obtained. These I have put down as cirrhosis of the pancreas, as I believe they were cases in which, although there was more or less cirrhosis, the result of past inflammation, no active degenerative changes were going on in the gland substance at the time the urine was examined. To these may be added the 5 cases with gall-stones in the common bile-duct in which no pancreatic action was obtained, but the pancreas was found to be enlarged and thickened at operation, and the 5 cases in which there was cirrhosis of the liver and pancreas, with a negative reaction mentioned above.
Basing his conclusions on the post-mortem records of Guy's Hospital, Hale White is of opinion that disturbances of the circulation are much commoner than other causes of "congestion, cirrhosis, and hardening of the pancreas," but in my experience circulatory disturbances are relatively uncommon causes of pancreatic troubles. Fleiner and Hoppe-Seyler both state that arterial diseases cause nutritive changes in the parenchyma, which degenerates and is replaced by fibrous tissue. I have, however, only met with 10 cases giving a positive pancreatic reaction, in which it was stated that the pancreatitis which was suspected to be present was probably dependent upon arterio-sclerosis. Long-standing difficulties of venous flow, due to chronic disease of the heart, liver, or lungs, may cause fibrosis of the pancreas, as of other organs; but Opie is of opinion that passive congestion is an unimportant factor in the production of chronic pancreatitis. I have examined the urines from 6 cases in which chronic pancreatitis was said to be associated with heart disease, and obtained a positive reaction in all of them.
In common with other organs of the body the pancreas is liable to be the seat of metastatic deposits of growth from malignant disease bccurring in other tissues, and it may also be invaded by growths situated in the stomach, duodenum, and neighbouring organs. The resulting inflammatory changes are usually local, but give rise to alterations in the urine, which can be recognized by the pancreatic reaction. I have examined the urine from 92 cases of malignant disease and obtained a positive pancreatic reaction in 34. These included 14 of cancer of the stomach, 12 of malignant disease of the intestine, 4 in which the primary growth was situated in the gall-bladder, 2 in the prostate, and 2 in the breast, both the last named being cases in a late stage, one of which had been examined earlier and had given a negative result. No pancreatic reaction was given by the urines from 58 cases in which the growth was situated in the tongue (2), eye (1), stomach (17)-, intestine (21), gall-bladder (2), kidney (3), urinary bladder (1), prostate (1), breast (7), and uterus (3). The diagnosis was confirmed in 27 cases by operation, and in 4 by post-mortem examination. In the remainder it was based upon the clinical signs and symptoms. Sugar was found in the urines of two cases. One of these is of particular interest, for it demonstrated very clearly the dependence of the pancreatic reaction on degenerative changes in the pancreas and its disappearance with the destruction of the gland, when advanced glycosuria had been established. The patient was first seen in December, 1906. There was then an abdominal tumour, which it was thought might be pancreatic, but an examination of the urine gave no pancreatic reaction and there was at that time no sugar. An exploratory operation was performed by Mr. Mayo Robson, and a growth of the first part of the duodenum found, but it was said to be quite free from the pancreas. On January 18 a second specimen of urine was examined and found to be free from sugar, but to give a well-marked pancreatic reaction, suggesting that the pancreas was then involved in the disease. At the request of the patient's friends the abdomen was reopened a few days later, and it was then found that the growth had invaded the pancreas. In the early part of May examination of the urine showed 5'25 per cent. of sugar, and a modified pancreatic reaction gave a positive result. A month later the sugar had increased to 7 per cent., and a much less marked pancreatic reaction was obtained. In July the urine contained 7T25 per cent. of sugar and the pancreatic reaction gave only a few crystals. In August 7T5 per cent. of sugar was present, and no crystals were found on carrying out the modified pancreatic reaction. In October the urine contained 9'5 per cent. of sugar and the pancreatic reaction was negative. The patient died deeply jaundiced on November 5. Another case in this group of considerable pathological interest hasbeen published by Mr. Mayo Robson and myself.' A post-mortem examination showed that the pancreatitis, which the urinary examination had indicated, was due to direct extension of a malignant growth of the gall-bladder along the comnmon bile and pancreatic ducts.
In 63 cases the urine gave a positive pancreatic reaction; but I have not received any reply to my inquiries as to the final diagnosis and subsequent course of the case, and so cannot say whether there was clinical evidence of pancreatitis or not.
(III) PANCREATIC CALCULI.
Pancreatic calculi are exceeding rare. In 1903 Oser was only able to collect 70 recorded cases.. The calculi probably arise as a consequence of morbid changes in the pancreatic secretion consequent upon inflaminatory alterations in the glands and ducts.2 It has been supposed that, like gall-stones, they are the result of infection of the ducts by microorganismns. I have had the opportunity of examining the urine from 3 cases in which pancreatic calculi were discovered at operation, and one in which they were found post mortem. Three gave a positive pancreatic reaction, and one, in which there was a large amount of sugar and the whole pancreas appeared to be represented by fibrous tissue, gave a negative result. Calcium-oxalate crystals were discovered in the centrifugalized deposit from the urines of all four. I Lancet, 1907, ii, p. 508. (IV) PANCREATIC CYSTS.
Chronic pancreatitis is present in many cases of simple cyst of the pancreas, and there is no doubt, both on experimental and clinical grounds, that it is a frequent, and probably the most common, cause of the condition.' Cysts are, however, onlv likely to occur in the later stages of the disease, when a considerable amount of fibrous tissue has formed. This, by its contraction, may cause constriction of the ducts in some places, while other parts are pulled upon and dilated; the pancreatic secretion will then tend to accumulate in the dilated portions and undergo chemical changes, by which its physical characters are altered and its absorption interfered with. It is unlikely, therefore, that a cyst of the pancreas will be associated with a positive pancreatic reaction unless active degenerative changes are going on in the gland, as the result of the pressure effects it may produce in the remainder of the organ, or the cause of the pancreatitis still persists. Of the 4 cases of pancreatic cyst that I have examined, the urines of 2 gave a positive pancreatic reaction, and in 2 it was negative. One of the latter had, however, been operated on and the cyst drained for some three months before I saw him, when he still had a fistula. I had the opportunity of examining the urine and feces from, one of the cases, giving a positive result three years after the first analysis. The urine then contained 4,5 per cent. of sugar, although it had been quite free before, and showed traces of aceto-acetic acid, but no acetone. A positive pancreatic reaction was still obtained, suggesting that the active degenerative changes associated with the presence of the cyst in the first instance were still progressing, and were likely to bring about still more marked glycosuria. In one case, which was diagnosed clinically as a pancreatic cyst, but the urine of which gave no pancreatic. reaction, the tumour proved at operation to be a mass of tuberculous glands pushing forward the pancreas, and in another a hydatid cyst of the liver, which had been similarly diagnosed, caused no pancreatic reaction in the urine.
(V) PANCREATIC INFANTILISM. I have examined the urine and faeces from one case diagnosed as pancreatic infantilism2 and obtained a positive pancreatic reaction with the former. There were also traces of aceto-acetic acid and urobilin, but no acetone, bile-sugar, or albumin in the urine. I Ibid.
(VI) MALIGNANT DISEASE OF THE PANCREAS.
The difficulty of successfully diagnosing cancer of the pancreas from chronic pancreatitis on the clinical data alone, especially when the latter is associated with obstruction of the common bile-duct, is now generally acknowledged to be very great. Even when the additional facts to be obtained by a chemical and microscopical examination of the urine, feces, &c., are taken into account, a few cases present a somewhat puzzling combination of signs which it takes considerable experience to interpret satisfactorily; but in the large majority of instances the laboratory analyses furnish information which is more conclusive than can be obtained in any other way. In cases of primary malignant disease of the pancreas the urinary pancreatic reaction is usually negative, but in a certain percentage a positive result is obtained, owing probably to the inflammatory reaction set up in the adjacent gland tissue by the irritation of the growth and the blocking of the duct. Of the 73 cases diagnosed as cancer of the pancreas that I have examined, the urines of 24 (33 per cent.) gave a positive reaction, and 49 (67 per cent.) a negative reaction. The diagnosis was confirmed by operation in 18, and by post-mortem examination in 7. Two of the latter had given a positive result, and 5 a negative reaction, which corresponds with the proportions diagnosed clinically and at operation, which had given a positive and negative result respectively. Bile was present in the urines of 67, usually in large quantities, but only 5 gave a reaction for urobilin, which contrasts markedly with the cases in which the obstruction of the bile-duct was due to gall-stones. Acetone was found in 5, and acetoacetic acid in 18. Only 16 gave an abnormal indican reaction. Calciumoxalate crystals were found in the deposits from 8, but 3 of these had histories of old gall-stone seizures, so that it was possible that there was interstitial pancreatitis as well. These 3 all gave a positive pancreatic reaction. Sugar was found in the urines of 6, but alwavs in small amounts, varying from 0'4 to 09 per cent. Two of these cases gave a positive pancreatic reaction.
It will be seen from these results that, while the pancreatic reaction in the urine is of value as showing the presence or absence of pancreatitis in a case of persistent jaundice, it does not differentiate between those in which the inflammation is the result of malignant disease and those in which it is of simple origin. To attain this end the whole of the results secured by a complete qualitative and quantitative analysis of the urine and fseces must be considered, and these again be checked by a consideration of the clinical signs and symptoms. A quantitative and qualitative analysis of the faeces is of the utmost importance in suspected cases of cancer of the pancreas. Personally, I never care to venture an opinion on the symptoms and urinary examination alone. The percentage of unabsorbed fat, the relation between the unsaponified and saponified fats, the presence of stercobilin and occult blood, and the results of the pancreatic insufficiency test, must all be determined and carefully considered, for from them one can determine with a considerable degree of accuracy the extent of the pancreatic mischief, also whether the biliary obstruction is quite complete or not, and from that infer whether one is dealing with a case of growth or simple inflammation of the pancreas.
(VII) MISCELLANEOUS.
In a miscellaneous group of 467 cases, 461 gave a negative pancreatic reaction. Many of these were sent to me because it was thought, from the clinical condition, that there was some inflammation of the pancreas, but subsequent observation tended to disprove this and support the opinion based upon the urinary analysis in about one-third of the cases. In the remaining two-thirds I have not received any reply to my letters of inquiry. Those in which I have been favoured with a final diagnosis include gastritis (16), dilated stomach (14), intestinal obstruction (3), tuberculous glands (2), pneumonia (1), phthisis (5), pleurisy (1), pleural effusion (1), adenoma of the thyroid (1), floating kidney (6), stone in the kidney (10), nephritis (9), tuberculosis of the kidney (3), cystitis (4), tuberculosis of the bladder (1), myoma of the uterus (3), tuberculosis of the testicle (2), gonorrhoea (2), neuritis (3), neurasthenia (14), paraplegia (3), chlorosis (5), malaria (2), angina pectoris (1), Addison's disease (2), Banti's disease (1), cholangitis (17), osteo-arthritis (6), fractured bones (5), alcoholism (2), stricture of the common bile-duct (1), stricture of the cystic duct (1), hydatid of the liver (4), gumma of the liver (1), lead poisoning (1), cystinuria (1), measles (1), scarlet fever (3), rheumatism (1), gout (2). Of the six cases that gave a positive reaction, 3 were suffering from diffuse peritonitis, 1 from pneumonia, 1 was a case of abscess of the liver, and 1 had pycemia. It is possible that the pancreas was also affected in these cases, for in diffuse peritonitis and pycemia involvement of the gland is not improbable, while in pneumonia histological changes have been ju-7 observed by Chauffard and Ravaut' and Trevor,2 but the destruction of an excess of nucleo-proteid containing material might also conceivably account for the positive urinary reaction.
(VIII) NORMAL.
In the last group are specimens of urine from 50 presumably healthy individuals, none of which gave a positive pancreatic reaction.
On bringing forward the results of my observations on the urine in diseases of the pancreas in 1904, I stated that " a much more extended experience, dealing with a considerably larger number of cases than it has been possible so far to obtain, will be necessary before the exact value of the test can be determined," and I think that I can now safely say that this has been done. My results during the five years since this was written, which I have collected in this paper, confirm the claim I then made that the -reaction is " clinically useful," especially in its improved form. I have repeatedly, and from the first, stated that I do not believe that the " pancreatic reaction " is pathognomonic, or that taken alone it will enable a correct opinion to be formed in every instance; but I do think that, when the results of an examination of the urine are considered in conjunction with the clinical symptoms and an analysis of the faeces, a trustworthy diagnosis is capable of being arrived at in nearly every case of pancreatic disease. I. lay considerable stress on the analysis of the feces, which I shall consider in a separate paper, for from the information so obtained one can infer the extent and often the nature of the pancreatic mischief, and also obtain confirmatory indications as to the cause.
With regard to the nature of the pancreatic reaction itself, my clinical experience and the results of the experiments I have carried out point to its being due to the destruction of substances with a glyconucleo-proteid content which yields a pentose on hydrolysis, and, since the percentage of pentose in the dry weight of the pancreas is nearly five times as great as in any other organ of the body, and it is more loosely combined and more readily set free than the corresponding sugar in other tissues, the reaction is obtained with very much greater frequency and more constantly in lesions involving active degenerative changes in I Arch. de Med. exper. et d'Anat. path., Par., 1901 , xiii, p. 175. 2 Practitioner, Lond., 1904 574. that organ than in others. A single positive reaction cannot be accepted as a conclusive indication of a pancreatic affection, but is strong corroborative evidence of clinical signs pointing in that direction. The affections that are likely to give rise to a positive reaction are usually so readily differentiated from pancreatic disease clinically that there is little or no chance of confusion. Cirrhosis of the pancreas will not give rise to a reaction unless there is also some active inflammnation going on at the same time, and that is probably why a negative result is sometimes obtained when the gland is found to be enlarged and hard at operation. So, too, in cancer of the pancreas there is usually no reaction, for no destruction of gland substance takes place, to set free the glyco-nucleo-proteid content of the cells, unless the pressure of the growth or obstruction of the duct sets up a secondary inflammation.
The literature relating to the pancreatic reaction is now somewhat extensive, and it would be impossible to adequately review it at the end of a paper such as this. I may be permitted, however, a few extracts to show the experience and opinions of some independent observers. Kehr recently published the results of his observations on 40 cases before and after operation. He obtained a positive reaction in 82 per cent. of cases recognized clinically as " chronic pancreatitis," and advises that no operation for gall-stones should be undertaken during the latent phase unless the pancreatic reaction is positive, and persists after four weeks' medical treatment. In another series of 58 cases of gall-stones, with secondary injury of the pancreas, the same author operated on 22, and was able to confirm the results of the urinary examination in all but 2, in one of which there was cancer of the common bile-duct. Decker examined 150 urines, and states that a positive result was never obtained " except where the pancreas was under suspicion, or the biliary tract was the seat of the infection." The diagnosis of disease of the pancreas was confirmed in every case where direct examination of the gland was made. Goodman investigated the urines of 62 cases, 10 of which gave a positive reaction. He states that " in no case other than those presenting clinical evidence of disease of the pancreas was a positive reaction obtained. I firmly believe the test to be a very useful one, and to mark a decided advance in the diagnosis of pancreatic disease. It is not pathognomonic, but, taken in conjunction with the clinical history and examination, and careful study of the feces, a positive reaction is strongly suggestive of inflammation of the pancreas." In another paper the same author, who has also carried out a number of animal experiments, says: " The reaction is almost constantly associated with lesions of the pancreas. The clinical value of the test seems assured." Kinnicutt obtained a positive reaction with 13 out of 51 cases he examined, and concludes that, " although the test is not pathognomonic, it is strongly suggestive of inflammatory destructive lesions of the pancreas, and is of much assistance in diagnosis in association with other clinical evidence of disease of the organ." Krienitz, who examined 250 cases and operated on 28, found the results of the reaction correspond with the clinical condition in 80 per cent., and adds that it is " a useful indication for diagnosis, prognosis, and treatment." He also carried out a series of comparative observations with Sahli's glutoid test, Schlecht's trypsin test, and the " pancreatic reaction " in the urine, and concluded that the "pancreatic reaction" is especially reliable, as the findings were confirmed by the ultimate course of the cases. Barker, in the course of a paper on cases of pancreatic disease .under his observation, concludes: " In my experience, the test is one of the most valuable diagnostic measures ever promulgated." In a discussion on chronic pancreatitis held by the Ohio State Medical Association last year, C. N. Smith stated that " the pancreatic reaction was a valuable and thoroughly reliable indication of the presence of pancreatic inflammation." Levisohn, in the course of his remarks, said "the reaction is of value, and the profession should have recourse to it more frequently "; Schroder concluded that " it is valuable, but not pathognomonic"; and Brown, who had had experience of the test in 39 cases, in 15 of which he had been able to confirm the result, remarked that "the test is one of the most valuable diagnostic aids recently introduced into medicine."
